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SUMMARY 
Pas t  l i terature on p i lo t ed  ground research simulator results as 
compared with f l i g h t  results i s  b r i e f l y  reviewed. The r e s u l t s  of th ree  
spec i f i c  types of research simulation invest igat ions,  (1) j e t  t ranspor t  
landings,  ( 2 )  take-off c e r t i f i c a t i o n  t e s t s ,  and (3)  STOL handling 
q u a l i t i e s  i n  landing approach, are compared with f l i g h t  r e s u l t s  f o r  
the purpose of presenting fur ther  information on simulator requirements, 
i n  terms of simulation equipment, accuracy of parameters, task c r i t e r i a ,  
and p i l o t  fami l ia r iza t ion  required f o r  v a l i d  r e s u l t s .  l 
It i s  shown t h a t  t he  important fac tors  i n  ground simulation are: 
(1) v i sua l  cues and t a sk  c r i t e r i a  i n  je t  t ranspor t  landings,  (2)  motion 
cues, v i sua l  cues, cockpit sophistication,and exact ground e f f ec t  '". 
parameters i n  take-off c e r t i f i c a t i o n  s tudies ,  and (3) sophisticGted 
j .-e , 
motion simulation and control  charac te r i s t ics  dupl icat ion i n  STOL 
landing approach s tudies .  
INTRODUCTION 
9 :  
The subject  of t h i s  session i s  "Sc ien t i f i c  Aspects of Sim++ation 
/-
of F l igh t  Dynamics on the  Ground with Special  Reference t o  Fl ight  Com- 
par isons ." I have assumed t h i s  t o  imply discussion i s  desired -on t h e  
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research use of p i lo ted  simulators, ra ther  than the  discussion of 
t r a in ing  simulators, as they a r e  considerably d i f f e ren t  i n  nature.  I 
have m s m e d  a l so  t h a t  emphasis is desired on the technique of simula- 
t i o n  ra ther  than on research results. 
Before going fu r the r  it may be appropriate t o  review b r i e f l y  the  
pr inc ip les  and bas ic  elements of t h e  research simulator.  These are 
shown i n  the  diagram of Fig. 1. 
determine the  vehicle  motion response which is  then presented back t o  
the  p i l o t  by some combination of cues, usual ly  v i sua l  and motion cues, 
but  o thers  such as aural cues f o r  example could be added, which the  
p i l o t  u t i l i z e s  i n  performing the  t a sk  he i s  given. 
i n  research simulation is  t o  provide the p i l o t  with adequate information 
t o  judge how w e l l  he i s  performing the prescribed t a sk  and what he must 
do or how the  vehicle o r  i t s  systems may be a l t e r e d  t o  improve h i s  per- 
formance. 
ab le  t o  representing a wide range of  cues t o  t he  p i l o t  even though i n  
any one research problem only a few are used so t h a t  the  problem i s  
manageable. 
t i o n  on the important cues t o  use i n  various simulation problems, and 
the  purpose of t h i s  paper i s  t o  present some fu r the r  information o n  t h i s  
sub jec t .  
P i lo t  inputs  a r e  fed  t o  a computer t o  
The major problem 
For t h i s  purpose research simulation equipment must be adapt- 
Fl ight  comparisons of simulation results furnish iqforma- 
A review of some of t he  ex is t ing  l i t e r a t u r e  on f l i g h t  and simu- 
l a t o r  comparisons i s  thought appropriate.  
Reference [l] , “A C r i t i c a l  Review of P i lo ted  F l ight  Simulator 
Research” by Sadoff and Harper summarizes r e s u l t s  from a number of. re fer -  
ences i n  which the  v a l i d i t y  of p i lo ted  f l i g h t  simulator research r e s u l t s  
are discussed, based on comparisons with f l i g h t  t e s t s .  Examples of pas t  
experience, obtained on devices ranging from simple, f ixed-chair  simu- 
l a t o r s ,  t o  complex and cos t ly  multi-axis motion generators,  such as 
. 
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shown i n  Fig.  2,  and var iable  s t a b i l i t y  a i r c r a f t ,  a r e  provided. The , 
use of simulators i n  defining acceptable handling q u a l i t i e s  f o r  a wide 
va r i e ty  of a i r c r a f t  i s  summarized from references [ Z - l l ] .  The use of 
simulation f o r  invest igat ing poten t ia l  problem areas  of a geaeral  nature 
or f o r  spec i f i c  vehicles  i s  summarized from da ta  i n  references [11-14]. 
The use of simulators f o r  determining environmental stress e f f e c t s  on a 
p i l o t ’ s  control  and performance capab i l i t i e s  i s  swnmarized from refer- 
ences [15-201, and f o r  conducting research and developnent programs on 
spec i f i c  vehicles from references [l3, 21, and 221. 
Experience on simulation requirements and techniques of  use gained 
from the  foregoing simulator programs and associated programs a re  
summarized i n  references [23, 24, 2.5, and 261. 
The general  conclusions of reference [l] a re  t h a t  f o r  general  
handling q u a l i t i e s  assessment r e l a t ive ly  simple fixed-base o r  angular 
motion simulators provided r e s u l t s  i n  subs tan t ia l  agreement with f l i g h t  
t e s t .  Kinesthetic motion cues are e s sen t i a l  f o r  r e a l i s t i c  assessment of: 
such th ings  as abrupt damper f a i l u r e s  of a i r c r a f t  and f o r  assessment of 
the  handling q u a l i t i e s  requirements of supersonic t ransport  configurations 
i n  c ru is ing  f l i g h t .  Motion cues were considered of secondary importance 
i n  problems as approaches and landing of a i r c r a f t ,  where strong ex terna l  
* - _ _  
v i s i m l  cues apparently a re  of more importance. In  general ,  the  comparisons 
presented i n  the  references mentioned and summarized i n  reference [ l ]  
were of qua l i t a t ive  r e s u l t s  t h a t  were expressed in  terms of p i l o t  opinion, 
of ten  i n  Cooper r a t ing  numbers as discussed i n  reference [27], althougn 
some conparisons were touched upon tha t  d e a l t  with p i l o t  performance and I 
presented r e s u l t s  t h a t  were quant i ta t ive i n  nature .  The advancement of 
simulator science toward quant i ta t ive answers, and a d i r e c t  assessment 
of t h e  p i l o t  performance of spec i f i c  missions is ,  of course, a des i re  of 
~ ~~ 
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those who design fu ture  vehicles .  The increasing complexity of 
c 
s inula t ion  equipment and the  more r i g i d  de f in i t i on  of t he  p i l o t  mission 
t o  be studied as progress i s  made toward having sirnulation predic t  
quant i ta t ive  results is  touched upon i n  references [25 and 261. 
based on information presented i n  references [25 and 261, co r re l a t e s  the  
Figure 3, 
types of r e s u l t s  t o  be expected f rom a simulation with the  complexity of 
t he  t a s k  t o  be simulated and with simulator complexity. If the  t a b l e  i s  
entered knowing t h e  use o r  appl icat ion required of t he  results as w e l l  
as t h e  type of results (qua l i ta t ive  and/or quant i ta t ive)  desired,  one 
may determine the  type of simulator (rudimentary, basic ,or  advanced) 
that is, required as w e l l  as the  kind of t a s k  t h a t  must be considered i n  
order t o  provide a proper evaluation. It is  seen t h a t  as need f o r  more 
prec ise  and r e a l i s t i c  ( i n  a f l i g h t  sense) type of information i s  required,  
the  more complete must be the simulation with the  ult imate l i m i t  being 
reached i n  the  ac tua l  f l i g h t  demonstration. 
a In  t h i s  paper, then, I w i l l  consider t h i s  aspect of simulator use 
which present ly  i s  beconing of more i n t e r e s t  a s  the science of manned 
simulation advances - the  a b i l i t y  t o  p red ic t  quant i ta t ive  r e s u l t s  i n  a 
simulation of a pa r t i cu la r  mission. 
compare f l i g h t  and simulator performance predict ions i n  several  areas 
f o r  which data  have become avai lable  i n  the  pas t  several  years,  and from 
these  comparisons attempt t o  l ea rn  more about simulator requirements f o r  
v a l i d  answers. 
It i s  the  purpose o f  t h i s  paper t o  
D I S C U S S I O X  OF FACTORS AFFECTING SDWIATION VALIDITY 
It wov2-d ap?ear t h a t  the  va l id i ty  o f  any mar-rled s i m l a t i o n  i s  
dependent on f o u r  fac tors  as shown i n  Fig.  b: (1) the nature of the 
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simulation equipment, (2) t he  accuracy of t he  parameters used 
represent the  simulated a i r c r a f t ,  (3) t h e  cor rec t  dupl icat ion 
f l i g h t  t a sk ,  .and (4) p i l o t  famil iar izat ion with Yne simulator 
c 
t o  
of t h e  
and the 
t a sk .  
subdivided i n t o  t h a t  required for :  
(b)  motion simulation, and ( c )  cockpit i n t e r i o r  items, such as instrument 
As shown i n  Fig. 4, t h e  nature of t he  simulator equipment can be 
(a) external. v i sua l  simulation, 
displays,  cont ro l  system, e t c .  
My discussion w i l l  dea l  with three spec i f ic  simulation invest igat ions:  
(1) je t  t ranspor t  landings,  (2) take-off c e r t i f i c a t i o n  t e s t s ,  and (3) STOL 
handling q u a l i t i e s  i n  landing approach. 
lend themselves well t o  t he  comparison of simulation and f l i g h t  results on 
the  bas i s  of pa r t i cu la r  fac tors ,  i . e . ,  e f f e c t  o f  the ex terna l  v i sua l  scene 
on t h e  t ranspor t  landing performance, need of addi t iona l  cues i n  take-off 
These spec i f i c  invest igat ions 
c e r t i f i c a t i o n  s tudies ,  and importance of s i au la to r  motion, cockpit 
instrumentation, and control  system v a l i d i t y  i n  the  STOL inves t iga t ion .  
It i s  beyond the  scope of t h i s  paper t o  deal. w i t h  each of  these s tud ies  
i n  d e t a i l  on a l l  the  f ac to r s  l i s t e d ,  so I w i l l  d iscuss  several  of the 
f ac to r s  i n  general  terms now, and reserve de t a i l ed  discussion on 
important fac tors  f o r  each o f  t h e  spec i f ic  invest igat ions till l a t e r .  
Parameters Used 
In  the  lnvest igat ions I w i l l  discuss,  parameters used were from wind 
tunnel  t e s t s  as corrected from f l i g h t  t e s t s ,  and so  were considered 
accurate and ~ ' o t  a f ac to r  i n  the conparisons. 
p i l o t s  whc f l z w  the s ixu la tors  a l so  had flown the  a i r c r a f t  azd were able  
to furnish a rheck of the  whole s i n d a t i o n  setup including erro~c ~n 
mechanization. 
Fmther  i n  eazh case the  
The p i l o t  * s knowledge of the fl ig 'nt  cha rac t z r i s t i c s  o f  
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t he  ai rplane simulated a r e  very important i n  making ce r t a in  the  
slmulation i s  correct .  The p i l o t  is important i n  t h i s  regard even i n  
simulations for which there  a re  no previous f l i g h t  comparisons, such as 
supersonic t ranspor t  s tud ies .  By "flying" the  simulator he w i l l  note 
r 
. 
cha rac t e r i s t i c s  t h a t  a r e  troublesome, which may on inves t iga t ion  be 
found t o  be e r ro r s  i n  mechanization r a the r  than troublesome a i r c r a f t  
cha rac t e r i s t i c s .  
Familiarization of the P i l o t  
In  Ames experience, thorough fami l ia r iza t ion  of t he  p i l o t  with the  
simulator a d  the t a sk  is  e s sen t i a l  t o  v a l i d  simulatior, research r e s u l t s .  
Because of the  p a r t  he plays i n  checking the  simulation, an experienced 
background as a research p i l o t  i s  most valuable.  
is  correct  i n  a l l  d e t a i l ,  it i s  necessary f o r  t he  p i l o t  t o  extrapolate  
mentally the simulation setup t o  a f l i g h t  condition, and simulation 
" f l i gh t "  experience as a background is important f o r  t h i s  purpose. 
extensive fami l ia r iza t ion  time i n  the spec i f ic  s i m u l a t o r ,  f o r  the purpose 
o f  adaptation and becoming fami l ia r  with the task ,  i s  of ten required.  
For example, i n  t h e  landing s tudies  a t  Ames, p i l o t s  took three  t o  t en  
hours of fami l ia r iza t ion  t o  become adapted t o  the  simulator and a t t a i n  
consis tent  performace.  Obviously, the  extent  t o  which sophis t icat ion 
of the  simulator can reduce famil iar izat ion time i s  a matter of consider- 
ab le  i n t e r e s t ,  and w i l l  be touched upon i n  the  discussion of spec i f ic  
i nves t iga t io r s .  
Since no simulation 
Also 
SiXULATOR IiUVESTIGATIONS OF J E T  TXVSPORT LLATDIJIGS 
A s  reported i n  references [28 and 293, t u rbo je t  transp- "1 -'- & hzve 
experienced s ign i f i can t ly  higher ve r t i ca l  ve loc i t i e s  a t  touchdown than  
6 
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t h e i r  predecessors, t he  piston-engine t ranspor t s .  
prompted the consideration of manned simulators t o  examine fu ture  designs 
of a i r c r a f t  i n  t h i s  regard. 
This r e s u l t  has 
Of course the  v a l i d i t y  of the simulator for 
t h i s  examination was  a matter o f  concern, and so i n  the  pas t  several  
years there  have been a number of simulator invest igat ions made i n  which 
j e t  t ransport  landing performance on the  simulator has been compared with 
the f l i g h t  r e s u l t s .  References [ 3 O ,  31, 32, 33, and 341 present r e s u l t s  
. . 
of simulations made of j e t  t ransport  landings for  which f l i g h t  results 
a r e  presented i n  references [28 and 291. 
Results on landing performance are general ly  expressed i n  terms of 
a t  least  two c r i t e r i a :  impact veloci ty  and the dis tance of the ground 
contact point from. the  runway threshold. Since these appear t o  be in te r -  
dependent var iables ,  any assessment of landing qua l i ty  requires  t h a t  both 
c r i t e r i a  be considered. 
exceeding a given touchdown r a t e  of descent i s  shown i n  Fig. 5 ,  and of 
exceeding touchdown dis tance from the threshold is  shown i n  Fig. 6 .  
Comparisons of t he  results on the  proba5i i i ty  of 
It 
i s  seen t h a t  t he re  i s  considerable difference i n  the  r e s u l t s  from d i f f e ren t  
s inu la t ions ,  with the Ames results o f  reference [ 3 3 ]  being c loses t  t o  the  
f l i g h t  r e s u l t s  for r a t e  of descent a t  touchdown, and the  r e s l a t s  of 
reference [34] be i r e  c loses t  t o  f l i g h t  r e s u l t s  i n  the  dis tance of the  
ground contact poirAt from runway threshold.  
External Visual Sirnulation 
In t h i s  r c e  o f  s ixu la t ion  the  equipment used i s  generai ly  siriilar 
to t h a t  use6 ~t Anes s h o m  i n  p i c t o r i a l  block diagran form $2 Fig. ‘‘7. 
A t e l e v i s i m  cz,:iim-z, is servo driven Ln three  angular degrees o f  frc.edom 
and i n  a l t i t u d e  and l a t e r a l  displacement r e l a t i v e  to a runway model. that  
in t h e  Arnes sirmlator i s  i n s t a l l e d  on a noving b e l t .  The resu l t ing  
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disp lay  resu l ted  i n  mean e r r o r  f romthe  t a r g e t  touchdown point  from runway 
threshold being much l a rge r .  
l a t i o n  of the landing task using a te lev is ion  d isp lay  the re  i s  a l a c k  
of information, and t h i s  prevents the p i l o t  from landing as he would under 
v i sua l  conditions.  The r e s t r i c t i o n  o f  per ipheral  v i s ion  t o  t h a t  within 
the l i m i t s  of the  k-inch-wide opening i n  the  windscreen had very l i t t l e  
e f f e c t  on performance once the  runway was  i n  s igh t  and t h e  approach w a s  
i n i t i a t e d .  
approximately the  same as with the  full view windscreen. J-! C z e k  
It i s  apparent, therefore ,  t h a t  i n  simu- 
Flare, f l a r e  height judgement, and cross-wind c o n t m l  were 
I n  ti?e b e s  ground simulation the scene presented t o  t h e  g i l o t  i s  
shown i n  Fig. 9. 
haze. 
adequately describe the qua l i t y  of the p ic ture  presented t o  the  p i l o t  
because of the  technical  d i f f i c u l t i e s  of photographing a projected tele- 
v is ion  p i c tu re .  A t  Ames a grea t  deal of e f f o r t  has been >laced on making 
the p ic ture  as c l ea r  a d  geometrically correct  as possible .  It w a s  found 
t h a t  a d a i l y  check of the te lev is ion  scene by experienced technicians w a s  
It most c lose ly  resembles a landing a t  dusk i n  t h i c k  
It shoidd be aentioned t h a t  the photograph of Fig.  9 does nc t  
required i n  order t o  obtain sa t i s fac tory  p ic ture  qua l i ty .  
before s imuht ion  research w a s  s t a r t ed  the scene w a s  viewed on the 
standard te lev is ion  check p ic ture  and adjusted as required.  
Each day 
The foca l  
point  of t he  te lev is ion  p ic ture  was  a l s o  an item of some Importance. 
vas s e t  f o r  focus a t  a point  about 2000 f e e t  down the  runrmy. 
The trcansgor'i elenent of the te lev is ion  c8nera w a s  foim12 t o  be a 
It 
very h i p ~ r - b s , ~ ;  f rx to r  . 
Aries camera trrms_uwt and for the  moving b e l t ,  as shown i n  Fi.g. 7, yere 
in5ended ior use v i t h  t r a in ing  s inulators ,  and it became appe.rert i n  t he  
The DALTO Corporation equipxent used fcr the 
9 
a 
t e l ev i s ion  scene i s  presented t o  the p i l o t  i n  the  form of a projected 
i m g e  on a screen x u n t e d  about 12 f ee t  forward o f  the  simulator cockpit, 
and provides a horizontal  f ield of view of about 50°, and a v e r t i c a l  
f ie ld  of  view of about 30'. 
There i s  obviously a question as t o  the  extent  t o  which the  two- 
dimensional d i sp lay  cha rac t e r i s t i c s  of a t e l ev i s ion  display degrade the  
p i l o t ' s  landing performance as compared with t h e  ac tua l  binocular v i sua l  
scene which he has i n  normal landings. Further,  h i s  normal v is ion  i n  
f l i g h t  is not r e s t r i c t e d  t o  the  smal l  forward angular extent t h a t  it i s  
i n  a t e l ev i s ion  display.  Reference [35]  presents  results of sone recent  
s tud ies  t h a t  a r e  of i n t e r e s t  i n  t h i s  regard,  and a r e  useful  i n  judging 
t o  a ce r t a in  extent how simulator r e su l t s  might deviate  from f l i g h t  r e s u l t s  
due t o  the  t e l ev i s ion  display of t he  landing area .  
An RkD (E-3 )  a i r c r a f t  w a s  used as t h e  t e s t  vehicle  for t h i s  e q e r i -  
ment. The te lev is ion  display f o r  the p i l o t  w a s  produced by the  use of 
closed c i r c u i t  t e lev is ion  with the  camera i n s t a l l e d  forward of the  wind- 
screen. Using the te lev is ion  display as a subs t i t u t e  f o r  the outside 
v i sua l  scene, and a f t e r  p i l o t  famil iar izat ion as desired,  dz';~. , e r e  taken. 
The p i l o t s  were instructed t o  attempt t o  land as close as possible t o  the  
t a r g e t  touchdown point ,  but not t o  sac r i f i ce  smooth contact with the  run- 
way f o r  a small e r r o r  i n  touchdown dis tance.  
reference [ 351 , shows t h a t  the measured accelerat ion a t  ground contact i s  
Figure 8, taken from 
about the  Sam? vhether !mde by normal vis ion ,  r e s t r i c t e d  v is ion ,  cr by 
landings . I:or~eve:r, a r ,  compared with norrd. visua l  landings, the  te lev is ion  
' a .  . >  
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course of ea r ly  invest igat ions,  such as reported i n  reference [ 3 O ] ,  
t h a t  l ags  i n  the  servos and jerkiness of t he  camera had t o  be eliminated 
for va l id  research results. This was done t o  the  extent  possible .  The 
p i l o t s  s a id  the  reworked equipment w a s  acceptable,  although not conpletely 
sa t i s f ac to ry .  
shown i n  Fig. 10. 
compensated f o r  on the  computer. 
The Trequency response o f  t he  Ames reworked equipment i s  
Even t h i s  response w a s  not s a t i s f ac to ry  and had t o  be 
It is  thought t h a t  t h e  poor r e s u l t s  of t h e  simulation of reference [3l] 
may be due t o  t e l ev i s ion  t ranspor t  def ic iencies ,  but  f o r  a d i f f e ren t  
reason. The t r a in ing  simulator used, because it i s  required t o  simulate 
the  e n t i r e  f l i g h t  range of the  a i r c r a f t ,  may not normally 2ossess computer 
scal ings appropriate t o  the  operation of the  v i sua l  simulator port ion 
t o  the  accwacy required f o r  research use.  Poor performance o f  t he  t e l e -  
v i s ion  dr ive  system could result. 
Some thoughts r e l a t i v e  t o  methods of improving simulator displays 
might be mentioned here .  
of reference [3?]  indicated t h a t  a contact analog display of  the s i z e  
Pi lots '  comments on the ac tua l  te lev is ion  landings 
and c l a r i t y  of the  type used i n  the  inves t iga t ion  would require  addi t iona l  
quant i ta t ive  information f o r  height and height r a t e  before it would be 
acceptable f o r  an all-weather landing instrument. Along t .his l i n e  
research s tudies  a r e  proceeding at Ames on a symbolic display for a l l -  
weather landings as discussed i n  reference [$ ] .  It m y  be t h a t  a sym- 
b o l i c  display f o r  the  landing runway might give ciore infcmat ion  than 
the  televisim scene gives and- could be a nethod of upgradiing simi12ctLon 
laiiding perfo :r:.r;rce. I-t i s  a l s o  possible t n a t  improvesier-i in ' i m  le le-  
?r:LSion p ic tz r? ,  ,gmd the use o f  colcr wmld give impsvernents. 
10 
Cockpit Motion and I n t e r i o r  
” 
In  tlne h e s  simulator used i n  the preceding landing s tudies  
(Fig.  7) the  cockpit was fixed, and the  cockpit instrumentation and 
control  sys-cem were a generalized version of those i n  j e t  t ranspor t s .  
In  the  invest igat ion of reference [3l], simulators of the  type used 
by a i r l i n e s  f o r  t r a in ing  o r  proficiency checks of f l i g h t  crews were used. 
Cockpit-mation cues i n  p i t ch  and r o l l  of a limited amount were provided. 
Cockpit i n t e r i o r  i n  terms o f  instruments and control  system w a s  i den t i ca l  
t o  t he  a i rp lane  cockpit .  
In the  invest igat ion of reference [34] a moving base cockpit with 
l imi ted  angular motion was used. 
s ide  force correct ly ,  a t  the expense of correct  r o l l  accelerat ion.  
cockpit was  a r ep l i ca  of the  ac+,ual a i rp lane  i n  instrument and control  
layout ,  c o c Q i t  arrangement, i n t e r io r  moldings, and ex te r io r  mold l i n e s .  
Flap buf fe t  and landing impact jolt were incorporated in to  the  cockpit 
motion. 
var ied as a f a c t i o n  o l  t h r o t t l e  posi t ion.  
who a re  familiar with t h i s  s i m u l a t o r ,  touchdown conditions appeared 
somewhat more d i fP icu l t  t o  control  than i n  the  Ames s inula tor ,  and t h i s  
w a s  t en t a t ive ly  a t t r i b u t e d  t o  a greater  d i f f i c u l t y  i n  obtaining height 
and height r a t e  information from the v i sua l  presentat ion.  
performed with 2- r? without the  l imited cockpit motion provided, revealed 
no f i r s t -o rde r  coiitrjbution of t he  r?otion t o  the  ease of perfcrrrirz t he  
;zsk, and ;o 2 ccrt2,in extent  the i%lmer of rfiec1ianizi.n~ r o l l  x c d c n  was 
d i s - x r b i n ~  rakher than he lp fu l .  
Roll motion w a s  mechanized t o  represent 
The 
The four  engines were mechanized separately,  and engine h-hine 
According t o  Ames personnel 
LauZ.ings, 
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Correct Duplication of the  F l igh t  Task 
A s  Cooper has discussed i n  reference [ 2 5 ] ,  and as pointed out i n  
Fig. 3 on advanced s i m l a t i o n s ,  i f  t a sk  performance is  t o  be used as t h e  
method of eva lwt ion ,  t he  f a i r l y  complete c r i t e r i a  of t'ne t a sk  a re  
required.  
performance f o r  t he  invest igat ion for  which data a r e  shown i n  Figs. 5 
and 6, and these various c r i t e r i a  may have had a bearing on the  r e s u l t s .  
It appears Thebe may have been some var ia t ions  I n  c r i t e r i a  f o r  t a sk  
In the  h e s  invest igat ion of reference [33] the  simulated landing 
runs were i n i t i a t e d ,  on instruments, a t  an a l t i t u d e  of 500 f e e t .  
o f f s e t s  from the  ILS g l ide  path were programed i n  the  s t a r t i n g  con- 
d i t i ons  i n  ar: e f f o r t  t o  simulate the small dispersions t h a t  normally 
e x i s t  a t  t h i s  point i n  a v isua l  approach, and the  p i l o t  used a f l i g h t  
d i r ec to r  instrument t o  cocverge on the g l ide  path.  He t ransfer red  t o  
"visual  outside world" references a t  an a l t i t u d e  of about 200 f e e t .  
Small 
No spec i f ic  touchdown t a r g e t  point  w a s  presented; however, the  ILS g l ide  
p2.t.h t o  which the  pilo<; was control l ing while on instruqents  was adjusted 
t o  in t e r sec t  the runvay a t  a point 600 f e e t  beyond the runway threshold, 
instead of Vine norrmlly grea te r  distance,  i n  order t o  approximate more 
c lose ly  the  good v i s i b i l i t y  f l i g h t  path.  
In  other  invest igat ions it does not  appear t h a t  t he  t a s k  was 
specifiect as closely,  but  t h a t  t he  p i l o t s  were asked t o  make visua l  
laodings per3r-ied i n  The saye manner as i n  f ly ing  i n  the ectual e i r p l a ~ e .  
Iiowever, -in rL'+rence [$I] t he  E S  gl ide  path was s e t  t o  i n t e r sec t  the 
. .  .. L,ierefcre ,  2~kzt ,  t h e  e i r i i n e  pilots of reference [34] were c i a s e r  'io fiig!it 
in touchdown ~-llist,mce over the  runway threshold than i n  o t h e r  invest i -  
ga t ions .  This my be dxe t o  t h e i r  bsckground, as i n  ac",l f l i g h t ,  
12 
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touchdown probably i s  attempted t o  be made a t  the  ILS touchdown point ,  
even i n  v i sua l  cmdi t ions .  There no doubt i s  a trade-off between these 
two performance fac tors ,  and more a t ten t ion  t o  precis ion i n  touchdown 
point can r e s u l t  i n  higher s t a t i s t i ca l .  values f o r  touchdown ve loc i ty .  
It would appear t h a t  i n  future  invest igat ions of t h i s  type a t a r g e t  
touchdown point  might be more spec i f ica l ly  made a p a r t  of t he  task ,  as 
the  a b i l i t y  t o  t o w h  down a t  a specif ic  point  i s  an important f ac to r  
t o  be considered i n  judging the flying q u a l i t i e s  accep tab i l i t y  of an 
a i rp lane .  
S ~ ~ r y  of Jet Transport Landing Studies 
In  sumry ,  it may be concluded t h a t  res iL5s close t o  f l i g h t  
r e s u l t s  c m  5e obtained of  je t  t ransport  landings 09 pi lo ted  ground 
simulators, but t h a t  def ic ienc ies  in a t e l ev i s ion  presentat ion of the 
outside world prevent exact ly  comparable results from being obtained. 
Cockpit motiom and cockpit sophis t icat ion d id  not seem to,?x important 
f ac to r s .  
may have been a f ac to r  i n  the  conparisons. 
c 
Bocever, t a sk  object ives  as presented t o  the  s i m d  ;3r p i l o t s  
SDVILLCLATOR EXAMINATION OF THE TAKE- OFF CmTIFICATION 
OF JET TRANSPORTS 
The NASA and Federal Aviation Agency have cooperated on a program 
t o  explore the p o s s i b i l i t y  of using ground-based simulators t o  exam3m.e 
the  take-off c e r t i f i c a t i o n  problem. This i s  a c e r t i f i c a t i o n  &reo. involv- 
ing ce r t a in  hazards i n  ac tua l  f l i g h t ,  and simulation could assist  i n  se'c- 
t i n g  up ce r t i f i cE t ion  requirements and c e r t i f i c a t i o n  procedures, pa r t i c -  
u l a r l y  on advanced designs, possibly even eliminating the  need f o r  a c t u a l  
f l i g h t  t e s t s  of sone of t h e  more hazardous maneuvers. Further,  it i s  
. 
thought that simul&ion of c e r t i f i c a t i o n  maneuvers p r io r  t o  a c t u a l  f l i g h t  
t e s t s ,  and ,coni@ementary there to ,  could provide supplementary information 
of value t o  the c e r t i f i c a t i o n  procedure. A current commercial j e t  trans- 
por t  a i rplane f o r  which extensive c e r t i f i c a t i o n  f l i g h t  t e s t  data  were 
ava i lab le  w a s  chosen as a t e s t  vehicle.  
Nature of the  Simulation 
The sLnulation se t  up used w a s  similar t o  t h a t  shown i n  Fig.  7. A 
f ixed  cockpit w a s  used, although a mova'ole cockpit would have Seen 
preferable  . 
The parameters used were those determined from wind t m n e i  tes ts  and 
engineering calculat ions,  with the  wind tunnel  data corrected a s  deter- 
mined from f l i g h t  t e s t s .  It became evident during the  course of the  
im-es t igE t ix ,  4;:?2t ground effect  was a very importent parzneter i n  these 
of t h e  pres3r .ce d the gromd,. as simulated, nre shown i n  Fig. 11. 
The S a m  co!!1=)any t e s t  p i l o t  and FAR pilo",s who par t ic ipa ted  ir t he  
a c t u a l  certi-Ciczutim take-off and climb t e s t s  "flew" the  s a x  tzke-off  
14 
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and climb c e r t i f i c a t i o n  maneuvers on t h e  simulator.  The simulation t e s t  
maneuvers were a ciuplicate of FAA ce r t i f i ca t ion  maneuvers i n  a c t u a l  
f l i g h t  as given i n  the  2AA regulation of reference [37]. 
Simulation and Fl ight  Comparisons 
I w i l l  present only a f e w  of the many c e r t i f i c a t i o n  t e s t  -maneuvers 
ca r r i ed  out on the  simulator t h a t  were compared with f l i g h t  r e s u l t s .  
general ,  simulator results were quite comparable with f l i g h t  r e s u l t s .  
However, i n  a few cases they were not. 
more s ignif icance t o  t h i s  paper, I w i l l  discuss them i n  more d e t a i l .  
I n  
Since these  later cases are of 
One maneuver i n  which excel lent  agreement w a s  obtained wit'n f l i g h t  
r e s u l t s  i s  t h a t  shown i n  Fig. 12, dealing with accelerate-s top dis tance.  
It may be seen t h a t  the  distance t o  stop as obtained on the  s i m l a t o r  
agreed w e l l  with t h a t  obtained i n  the a c t u a l  f l i g h t  t e s t s .  For t h i s  sim- 
u la t ion  the  simulator was equipped with toe  brakes as i n  the  a c t u a l  t e s t s .  
The valce of t he  braking coef f ic ien t  of  0.28 was used on the  simulation, 
and vas  selected f o r  t he  simulation on the  bas i s  of Ames' i n t e rp re t e t ion  
of Douglas ixfor-nation and ac tua l  dry concrete runwzy conditions t h z t  
ex i s t ed  during the  t e s t s .  It was  real ized t h a t  the  assur r~ t ion  of a con- 
s t a n t  braking coef f ic ien t  i s  somewhat i n  e r ro r  as the  value decrezses 
for higher sseeds am3 i s  somewhat higher f o r  lower speeds. it may be 
seen, however, t h a t  the  distance t o  stop as obtained on the  s-dvlztor 
xas within sca t t e r  of t he  ac tua l  f l i g h t  t e s t  r e s u l t s .  It was y o s s i l l e  
for t h e  pil~ts TO stvLCJ- the  ti"fect of' delay i n  iz t i t i a t ing  fhe sto?pi.ng 
o l  t h e  a i r u l x x  fdlovxirg m. engine f a i lu re  on take-off in s : ~ h  fiet,tils 
as :he e f f e c t  :Ln iLel?.y i n  cut t ing reAmii ing pover, the  effect 0: Lelzy 
iii applyinp; 5x.:+:?s. and. the  e f f e c t  of delay i n  exteiding the spoilers. 
AlSO, the  s t o p i n g  of the  airplane under difTerent runway conciitions was 
. . .  
simulated with r e s u l t s  as shown, which includes curves f o r  t he  stopping 
dis tances  a t  varlous speeds fo r  i c y  runways and w e t  runways c : .  _:.;ed with 
t h e  no rm1  c k y  concrete runway. 
In  another mmeuver, determination of t he  minimum ground cont ro l  
speed, VldcG, the  p i l o t  appl ies  full rudder upon recognition of an  engine 
failure,  and the  speed a t  which he can l i m i t  maximum l a t e r a l  deviat ion 
from the  cen-terllne of t he  runway t o  15 f e e t  i s  taken as the  ground min- 
imum cont ro l  speed. Figure 13 shows t h e  results of t he  simulation tes t s  
compared with the  acu ta l  f l i g h t  t e s t s .  
used the  t e l ev i s ion  scene of  the  runway as the  primary cue i n  recognizing 
engine failure, he could not keep the  a i rp lane  within 1-5 f e e t  of t he  cen- 
A s  can be seen, when the  p i l o t  
t e r l i n e  u n t i l  h i s  ground speed w a s  up t o  about 1-30 knots,  which i s  far 
above t h e  v a l m  of 99 knots f o r  the f l i g h t  t e s t s .  However, when he w a s  
given an a u r a l  cue a t  the  precise  t i m e  of engine f a i l u r e ,  he obtained a 
minimum ground cont ro l  speed of about 95 knots t h a t  w a s  lower than the  
ac tua l  f l i g h t  t e s t  r e s u l t s .  
t he  p i l o t ' s  appl icat ion of full rudder following the  aural cue of engine 
f a i l u r e ,  gave a simulation r e s u l t  f o r  minimum ground control  speed t h a t  
It was  found that an 2.8-second +lzy  i n  
w a s  very close t a  the f l i g h t  t e s t  value. However, it i s  apparent t he  
simulation as s e t  up lacked one of the v i t a l  elements i n  stuciying t h i s  
pa r t i cu la r  maneuver, that i s ,  the  a b i l i t y  t o  simulate rea l i s t ica l l : -  t he  
cues by means of which the  p i l o t  recognizes engine f a i l u r e .  It m y  be 
t h a t  yawing m t i o n  and l a t e r a l  accelerat ion incorporzted as cab mi . ion  
would help.  
chs rac t e r i s t i z  s vo-u.16- help.  
St a l s o  i s  likely t h a t  Se t t e r  simulation of engine noi.se 
The m5zirx. vnstick speed, V ~ J ~ ?  a t  various p i t c h  &titu.clcs. 0:' t a i l  
c learances,  5.13 s simulated, and the s iAmlated r e s u l t s  agrezc? ?r14;.5?ir, a few 
I 
s 
knots of t he  values obtained i n  f l i g h t  t e s t s .  I n  f a c t ,  the  time h i s t o r i e s  
I of veloci ty ,  p i t c h  a t t i t u d e ,  elevator force, and t a i l  clearance were qui te  
I 
~ 
similar t o  those of t he  f l i g h t  t es t  a i rp lane  under t h e  sane t e s t  condi- 
t i o n s  and whec f l o m i n  t h e  same manner. 
necessi ty  t o  accomplish the  accelerat ion t o  V, within ground e f f ec t  
after l i f t - o f f  a t  r e l a t i v e l y  low thrust-to-weight r a t i o s  bo?;h i n  the  s i m -  
u la tor  and a c t u a l  f l i g h t  t e s t s .  In the  simulation as f i rs t  s e t  up there  
w a s  a d i s t i n c t  lack of s t a l l  buffet  noise and t h e  v ibra t ion  t h a t  charac- 
t e r i z e s  t h e  a c t u a l  V speed on the airplane,  and t h e  p i l o t s  objected 
t o  t h i s  lack.  This w a s  later introduced t o  a c e r t a i n  extent  by in s t a l l i ng  
a cont ro l  column shaker and by programming i n  random vibrat ions t o  a pneu- 
matic p i l o t  sea t  cushion. These addi t ional  cues added a d i s t i x t  improve- 
ment t o  the  real ism of s imda t ing  p i lo t ing  an a i rp lane  a t  minlmun unstick 
speed i n  the  opinion of the  p i l o t s ,  and would proba.bly be a necessary 
addi t ion  t o  the  sinulakion if r e a l i s t i c  determination of minima unstick 
speed i s  t o  be determined by simulation i n  advance of ac tua l  f l i g h t  t e s t s .  
The p i l o t s  s e id  t h e  continuous take-off maneuver on i;he sirnulator w a s  
O f  pa r t i cu la r  i n t e r e s t  i s  the  
MU 
r e a l i s t i c  t o  a cersa in  extent ,  but t ha t  lack of motion i n  the  s ix -da t ion  
w a s  a deficiency and that more realism w a s  desired.  With the  s imda t ion  
as set up, there  was a. d i s t i n c t  lack of f ee l ing  of proper speed when mov- 
ing down the  r'unmy, resu l t ing  from the lack of t he  near visuel " ie ld  out 
t h e  f ron t  qua.r?;er and side windows. The longi tudinal  a,ccelelz<ion motion 
cue, of c o w s c .  ~ 3 s  not present .  
mc';ion w~ s y l v >  ; 3  -&e g i i o t s  5)- providire  a pulse t o  ?;he 21107; s pneu- 
r z t i c  seat c . x  ; i i x  ezch t i p e  t h e  sixulazed a i r c r a f t  passed oT/er one cf 
thc divider  cy- trr s t r i p s  seperzting Ync s%zE?-ard 25-fooi s q L - % ~ e s  cf  r-m- 
w?y concreze. 
A notable addi t ion  t o  the  fee l ing  of 
h o - , h e r  addi t ion t o  r e a l i s m  tha5 the p i l o t s  l ~ k e d  KIS the 
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use of an engine-sound generator,  which although not authent ic  pas8 noise 
w a s  de f in i t e ly  rdssed if switched o f f .  Engine sound w a s  sim..xlated by 
"white nois,e" nnly, zr,d was commanded i n  in t ens i ty  by t h e  engine RPM. 
I n  summary, it has been s ta ted  without qua l i f i ca t ion  by the  FAA rep- 
resentat ive i n  t h i s  study program t h a t  i f  progrms of t h i s  type bad pre- 
ceded the  c e r t i f i c a t i o n  programs of a11 the  subsonic j e t s ,  -%ny hours of 
f l i g h t  t e s t  acd xuch r i s k  could have been avoided, and t h a t  t he  ac tua l  
demonstrations would have been much more t o  t h e  point  insofar  as examin- 
ing c r i t i c a l  conditions i s  concerned. Studies i n  t h i s  a rea  a r e  contin- 
uing. 
equipment f o r  t h i s  type of simulation requires  sophis t ica t ion  i n  ce r t a in  
respects .  Motion exes would be helpful,  aural cues a re  needed, and con- 
It a2pears from the  r e s u l t s  of the  inves t iga t ion  t h a t  simulation 
t r o l  system cha -ac t e r i s t i c s  have t o  be f a i r l y  accurately simulated. 
c i s e  de f in i t i o9  of ground e f f ec t  i s  a requirement. 
Pre- 
STOL TIRANSPORT HANDLING QUALITIES 
I N  LFLNDING APPROACH 
A s  noted i n  reference [ 3 8 ] ,  f l i g h t  t e s t s  have been nade of a Ereguet 
941 STOL airplane i n  a cooperative program of t he  NASA with the  French 
A l r  Force and -the Societe Anonymes des Ate l ie rs  d'Aviation, Louis Breguet. 
As p a r t  of the  cooperative program it was  agreed a simulation of -the 
Breguet 941 wodd be s e t  up on sirmilation equipment a t  Axes so t h a t  design 
var iab les  re la t , ing t o  STOL f ly ing  qmdi t i e s  i n  general ,  and a l s o  To the  
B:;egu.et 94-1 j.r. ~ z t . i c ~ A . a r ~  co1d.d be in-restlgated. t o  b e t t e r  unCcrs'i~.nd STOL 
f'Lyii-4 cp.z2i2:i,?s optiiniz-tion and acceptable l w e r  l i m i t s ,  arid t o  i.eter- 
mine 2ossibl.2 5.vprovenients t o  the airplane . 
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Nature of the Simulation 
Siwilat icn ec:uinnent .- A cockpit with SOEE l imi ted  moven5nt w ~ s  - 
avai lab le  fo r  t h i s  simulation that was not ava i lab le  a t  t h e  t i m e  of the 
NC-130B STOL airplane simulation invest igat ion of reference [ 391 . The 
cockpit used i s  shown i n  Fig.  14. It has a screen i n  f ron t  of t h e  cock- 
p i t  t h a t  movks with the  cockpit and on which the  t e l ev i s ion  projector ,  
nounted on the  rear  of the  cab, projects  t he  scene of t h e  runvay during 
approach and landing as generated by t h e  equipment shown i n  Fig.  7. Pr ior  
t o  t h i s  invest igat ion some question had ex is ted  as t o  how t o  incorporate 
a v i sua l  scene with a moving cockpit. 
problem. 
This has not turned out t o  be a 
Althoxgh the  projector  r o l l s  and pi tches  with the  movemerxt of 
t h e  cockpit ,  the  corquter i s  programmed t o  roll and p i t c h  the  p ic ture  i n  
the  opposite d i rec t ion  as m y  be required by motion washout s o  t h a t  t o  
the  p i l o t  the  horizon i n  the  picture  remains steady. 
Kent i s  l imi ted  t o  go r o l l  t o  e i ther  s ide ,  t o  p i t c h  motion of +14O and 
-6O, and t o  a very srnall amount of heave. 
The cockpit move- 
A major problem i n  the  use of simulator motion w a s  t h a t  of program- 
ming the  r o l l  motion. 
e r a t ion ,  a 1- to-1 r a t i o  of input bank angle t o  cab motion i s  desirable ,  
but when large bank angles are used, which a re  t y p i c a l  of STOL operation, 
t h e  p i l o t  f e e l s  an  un rea l i s t i c  s ide  force and the  cab reaches the  stops 
t ~ o  soon. i n  the  s i m l a t i o n  of t h e  Breguet 941 a compromise m s  used. 
it required 2-3' of coraanded b a ~ k  angle f o r  the  cab t o  reach %-is s';ops 
a t  9'. 
To detect  bank-a-ngle e r ro r  and r o U  angular accel- 
Iic,.;ev:r ~ t h i s  WIS not en t i r e ly  sa t i s fac tory ,  s incs  ';he s i l o t s  
of ten  desired tc use .bank an.gLe i n  excess of 13 0 . It ?.rovJ-ci ~,xm 1:Bely 
t h a t  what i s  ;'ecjl;ired here i s  a motion gemra to r  h2vin.g lo re  Istcr:i.l 
t r e v e l ,  s o  thE.t s ide accelerat ion can be conbined with be& angle -,;o give 
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a more r e a l i s t i c  mot,ion simulation of t r u e  f l i g h t .  O f  cowse,  then  the  
washout of t he  l a t e r a l  movement and bank angle becomes a problem. As 
indicated i n  the  study of reference [40], however, some i n i t i a l  study of 
the  cornbination of lateral  t r a v e l  with bank angle t o  obtain more r e a l i s t i c  
notion w a s  car r ied  o5.t 75th acceptable resul ts  using the  Aqes f i v e  degree 
motion simulzi31" shown i n  Fig. 2 i n  studying the  handling-qualit ies 
requirements of supersonic t ransports  i n  high-speed cru is ing  f l i g h t ,  
i s  a n  a rea  requir ing fur ther  invest igat ion.  
This 
The p i l o t s  f e l t  that the  lack 
of yaw motion was a real  deficiency i n  t h e  simulation and should have been 
incorporated t o  more e f fec t ive ly  study the  l a t e ra l -d i r ec t iona l  problems of 
STOL operation a t  low speeds. 
simulator,  as shown i n  Fig.  15, having i n  mind t h a t  it would be reqpired 
f o r  v a l i d  study of mzny VTOL problems. 
on t h i s  simulator w i l l  i den t i fy  c r i t i c a l  motion and motion washout require- 
ments f o r  STOL simulations as wel l .  
h e s  i s  now bui lding a s i x  degree of motion 
, 
It i s  hoped t h a t  STOL s tudies  made 
Figure 16 shows the si-mulator cockpit i n t e r i o r  arrangement used. It 
i s  apparent t'nat t he  Breguet-type control  s t i ck  and l e f t - h a d -  t h r o t t l e  
cont ro l  have 3een inst .a l led i n  the  typ ica l  t ranspor t  coc iq i t  . 
p i t  a l s o  included the  angle-of-attack indicat ing l i g h t s  above the  ins t ru-  
meat panel as vel1 as normal instrumentation. This duplicatiom 57as found 
t o  be absolute>-y necessary before the p i l o t s  could "f ly"  s a t i s f a c t o r i l y  
the  simulation and emmine the  e f f ec t s  of changing various aerodynzrilic 
paramzters of t h e  design. 
The cock- 
n 
___---- raraxet-cr: XE?-.-- it wzs plaaned fron the start  t o  mG<e r f . ~ l l  u::e of 
the f l i g h t  Cia:,?. :.:id opinions of the  p i l o t s  who flew the  air;lm.e %o rd;e 
;he ground s L n ~ . l c t 5 . o ~  correspond as truly as possible t o  fl igk?t of ',he 
re21 a i rp lane .  
I 
20 
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There vas considerable thought and discussion spent i n  a r r iv ing  a t  
w h a t  w a s  deemed t o  be the  correct  value of yaw damping used i n  the  simu- 
l a t i o n .  
maneuvers were aboat two t i m e s  as large as determined from the  damping 
i n  yawing osc i l l a t ions .  
importent i n  the  f l i g h t  conditions being invest igated,  t h e  Camping as 
Yaw damping values as determined i n  f l i g h t  frcm rudder pulse  
Since the  response t o  rudder input seemed more 
determined from a rudder s tep  was used, and with t h i s  value the  s i m l a t e d  
airplane w a s  r a t ed  by the p i l o t s  as being very near ly  the  s m e  as the  
a i rp lane .  
Correct CPqdication of the  control  system cha rac t e r i s t i c s  on the  
The sinrulator cont ro l  system did not perrr?it simulator was a problem. 
exact duplicati-on of the  control  system parameters as  measured i r i  f l i g h t  
and as showr, i n  Fig.  17.  When these cha rac t e r i s t i c s  were f i r s t  approxi- 
.w,ted on the  simulator, they were unsat isfactory.  
the  cont ro l  c h a r x t e r i s t i c s  and could ba re ly  "f ly"  the  s i x d e t e d  a i rp lane .  
The p i l o t s  objected t o  
It w a s  only Vhen the  charac te r i s t ics  were changed t o  the "simulator satis- 
fzc tory"  curve shom i n  Fig. 17  t h a t  the simulated airplane w2.s regarded 
as  i 'lyzble end reasonably s i n d a t i n g  the  a i rp lane .  
P i l o t  fmi l ia r izn , t ion . -  The p i l o t s  who flew the  s i m l a t o r  also had 
flown t he  a i rp lane .  
hcvever . 
Fzmiliarization time with the  s i m l a t o r  %-as required,  
Duplication of a f l i g h t  task.-  Task c r i t e r i a  chosen ca l led  f o r  t he  
p l l o t  t o  f l y  ai: 133 approach using I S  g l ide  path s e t  f o r  a 7/ -/c jTOL 
required tc c 3 1 ~ e c t  f o r  a 1170-feet of fse t  clue t o  locaLLzer e r r o r ,  when 
Y E R O  XERO 
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t h e  runway came i n t o  view, t h e  p i l o t  had t o  correct  back 170 f e e t  t o  land 
on the  cen te r l i r e  of t he  runway. 
of two of these approaches. 
of t h e  a i rp lane  with high adverse yaw which the  p i l o t  considered unaccept- 
ab le  f o r  n o r 1  oper2,tion. 
i s  with the  notion on. 
impossible f o r  the p i l o t  t o  perform t h e  task;  he devoted h i s  complete 
Figures 18 and 19 show time h i s t o r i e s  
These time h i s t o r i e s  are f o r  a configuration 
Figure 18 i s  with t h e  motion o f f ,  and Fig. 19 
With motion of f  during t h e  ILS port ion,  it w a s  
a t t en t ion  t o  c;-%rolling the  la rge  bank angle and s ides l ip  excursion. 
However, when he became v_FR, he was j u s t  ab le  t o  gain cont ro l  and &e a 
successful landing. Figwre 19 shows t h e  same t a sk  with the notion on. 
In  this case the  p i l o t  was able  t o  perform t h e  t a sk  IFR, but  with some 
d i f f i c u l t y .  In  the  VFR p a r t  he had l i t t l e  t rouble  correcting the  o f f se t  
and performizg the  landing. A s  contrasted t o  the  t e s t s  on the  N C - l 3 O S  B E  
a i rp lane  ( r e f .  [39]) on which simulation runs were made with a f ixed  cock- 
p i t  at TO-knoks speed, i n  the  Breguet 941 simulation, tes ts  were made at 
58-knots speed, and a t  t h i s  s lower  speed cockpit motior, w a s  found t o  be 
m i d a t o r y  for perfor:wnce of s imdat ion  t a sks  with any degree of va l id i ty .  
The e v a k a t i n g  French p i l o t s ,  who had many hours and many lancii%s 
i n  t h e  Breguet 941, Telt t h a t  once the t a sk  was determined: E l a rge  vari- 
a t i o n  i n  parm.&xs could be t e s t ed .  
were being ckanged a t  random, the  basic configuration would be inser ted  
every few rims without t he  p i l o t  knowing it. 
t'nat t he  pS.ot, r a t ing  of t h i s  basic  a i r p l m e  changed very l i t t l e  during 
L.?? ;,:hole ser.l.es ~f <es+s fo r  the  p i l o t s  ~:ho ;rere -7crjr fa.Taliar ;,-i::li %lie 
z . f : ~ p l ~ x .  "1; i:- retj .ng of t he  basic configuration on t'le sl:::d,s-;o:. was 
t k  sane as c?~. -the a i rp lene .  
During the  t e s t s ,  as paraneters  
It w a s  i n t e re s t ing  t o  note 
L - 
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Figzre 23 shows the  tj9e of results obtained i n  the simulation of 
the  Bregdet 941. 
d i rec t iona l  par&xeter made t h e  most s ign i f i can t  improvement. 
a r e  very si,milar t o  those of reference [39], which shoved t h a t  s i d e s l i p  
r a t e  dampip4 was the  most e f fec t ive  parameter i n  improving lateral-  
d i r e c t i o n d  hard l i rg  q u a l i t i e s .  
of value, Yne strong influence of motion simulation of the  simulation of 
V/STOL a i r c r a f t  was  shovn. 
be resolved i f  a simulator were used that had a long l a t e r a l  t r a v e l ,  so  
t h a t  s ide accelerat ion could be combined with bank t o  give a more r e a l i s -  
These data were obtained t o  determine which l a t e r a l -  
!The r e s u l t s  
Although results were obtained t h a t  were 
Problems of banking were indicated t h a t  might 
t i c  simulation of f l i g h t  motion. 
CONCLUSIONS 
I have l i s t e d  four f ac to r s  important t o  simulation va l id i ty ,  (1) s i m -  
u l a t ion  equipnect? (2) perLmeters used, (3) t a sk  c r i t e r i a :  and ( i ? )  p i l o t  
farxi.liarization. 
r e s u l t s  i n  terms of these fac tors .  
landing s tudies  th: e-xternal v i sua l  scene and task  c r i t e r i a  were t h e  
important f ac to r s  r e l a t ed  t o  obtaining r e s u l t s  co-qarable t o  f l i g h t  r e s u l t s .  
LE take-off c e r t i 3 c a t i o n s  s tud ies  motion cues, aural cu.es, cockpit sophis- 
t i c a t i o n ,  and exact gromd e f fec t s  psrameters a re  of importance. 
c r l t e r i a  were alreaa;r defined by regylat-ion, or t he  investig?,t?.cn i t s e l f  
co~Gd he on? 2:: t h ~  2eterrn.ination of b e t t e r  c r i te r - ia .  lii S 3 L  t:I-a.rsport 
Several simulation s tudies  were compared with fl j .ght 
It w a s  show- t h a t  i n  jet t ranspor t  
Tmk 
s’i.zc?ics i n  landing approach: sixulator DXG~.C:? rc @.re -  
:nl:n-ls v e r e  x-ex’j i . m o r t ~ ~ n t ?  as ms correct dq l ic .z t . ion  o: %?E ?.:rc~-: f’t 
23 
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i d3ntro1 system cha rac t e r i s t i c s  and cockpit instrumentation. lkck of 
yaw angular motion wzs a deficiency and roll motion, F I  ‘ ‘gh def in i t e ly  
required,  crezted a problem by p r e x n t i n g  f l i g h t  a t  l a g 2  bade angles as 
would be desired i n  STOL s tudies .  
l a te ra l  t r a v e l  corbined with bank and appropriate washout pro .Laions i s  
required t o  adequately study l a t e ra l -d i r ec t iona l  problems cf S l C L  
It would appear t h z t  t r r n s l a t i o n a l  
operation a t  10s.s speeds. 
APPENDIX 
NO TATION 
a 
Cn 
c 
N 
r 
a i l e ron  posi t ion,  radians o r  degrees 
wing span 
l i f t  l i f t  coef f ic ien t ,  -
qs 
l i f t  coef f ic ien t  i n  the  absence of ground plane Lnfluence 
pi tching moment 
pitching-monent coeff ic ient  , qSF 
yawing-moment coef f ic ien t ,  - N 
qsb 
'cn , per  radian a( r 5 , / 2 ~ )  
-; acn per radian 
aB 
-, 3% per radian 
a Ea 
yawing moxent , f t  -1b 
r a t e  of r o l l ,  radians/sec 
f r ee - s t r eax  dynamic pressure, l b / f t2  
r a t e  of yaw, radians/sec 
rudder posi t ion,  radians or degrees 
wir,g area, f t 2  
veicci ty ,  f t / s ec  
si?e~j.L> m g l e ,  i-r;dla,ns or degrees 
- rc.~L r_ - ,~ ,,.? ciiacge o f  s fdes l ip ,  radiz=s/sec 
angle C? Isai l r ,  radians o r  degrees 
y m  aq$.e, deg 
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